Seasonal changes in the density and biomass of chironomid larvae were studied at 10 locations in Lake Kasumigaura for 4 yr from March 1982-April 1986. Tokunagayusurika akamusi and Chironomus plumosus were dominant at all stations. Clinotanypus sugiyamai was abundant at the centers of Tsuchiurairi and Takahamairi Bays as well as the center of the lake. On the contrary, Procladius culici f ormis was distributed mainly at the innermost part of Takahamairi Bay. Larvae of Dicrotendipes sp., Glyptotendipes sp., Microchironomus sp., Polypedilum sp., and Stictochironomus sp. were also recovered from Takahamairi Bay and/or Tsuchiurairi Bay. Density of T. akamusi increased every 2 yr synchronously at all stations except for innermost-bay stations. Although this species emerges every autumn, many of the individuals presumably have 2-yr life cycle. There were three generations per year for C.
Introduction
In pelagic zones of Lake Kasumigaura, dominant zoobenthos were two large chironomids, Tokunagayusurika akamusi and Chironomus plumosus. Seasonal changes in the population density have been reported for Takahamairi Bay and the center of the lake (IWAKUMA and YASUNO, 1981) . At Takahamairi Bay, the Biomass and production of these chironomids has been studied for 7 yr during 1976 -1983 (IWAKUMA et al., 1984 .
Since the lake is large and consists of two large bays and main basin, distribution and seasonal abundance of zoobenthos may differ among basins or stations. Therefore, the present paper studies further the seasonal trends of density, Biomass, and production of chironomids at 10 stations for 4 yr during [1982] [1983] [1984] [1985] [1986] , to clarify the characteristics of chironomid secondary productivity of this lake.
2.
Study sites and methods Figure  1 shows the bathymetrical map of Lake Kasumigaura with sampling stations. The water depths at Stas. 1, 2, 3, 4, 6, 7, 8, 9, 11, and 12 Table 2) . Adults of these four species have been collected with light traps and emergence traps at Takahamairi Bay (IWAKUMA, 1986) .
Larvae and pupae were picked up and identified under 10 x binoculars. Larvae in each sediment sample were pooled for each species and weighed wet to within 0.1 mg for T. akamusi and Chironomus plumosus, and to within 0.01 mg for Tanypodinae. Dry weight was estimated as 0.19 x wet weight (IWAKUMA et al., 1984) . Small larvae with body length of less than 5 mm, and larger ones on several occasions, were macerated in a hot 10% potassium hydroxide solution for 10-30 min, washed in distilled water, and transferred to ethanol. These specimens were placed on slide glasses with gumchloral solution, and the head-capsule widths were measured with a lox-20x projector (Nikon) to within 0.001 mm before placing cover glasses. The larvae were indentif ied to genus after the key by WIEDERKOLM (1983).
Production of larvae was estimated by the increment summation method (WINBERG et al, 1971) .
As the net used to wash sediments did not retain early instar larvae sufficiently, cohort production until the population reached its maximum was assumed to be equal to the biomass at that time.
As mature C. plumosus larvae often burrowed deeper than the depth EKMAN-BIRGE dredge could reach, these samples were excluded from the calculation of production. Instead, data were included for the calculation when the mature larvae reappear in the upper layer of sediment before emergence.
:3. Results
3-l. Zoobentos
Nine species of chironomid larvae were recovered during the sampling period (Table 1) . Tokunaga yusurika akamusi, Chironomus plumosus, and Clinotanypus sugiyamai proved dominant among them and were recovered abundantly from all stations except for the latter species at Sta. 6.
Procladius culiciformis was also found abundantly at Takahamairi Bay. Small numbers of larvae of the following species were recovered during MarchSeptember: Dicrotendipes sp., Glyptotendipes sp., Microchironomus sp., Polypedilum sp., and Stictochironomus sp. Microchironomus sp. and Polypedil~zm sp. were recovered from both Takahamairi and Tsuchiurairi Bays. These five minor species were not recovered from the stations in the main basin.
In a fewer cases, larvae of Ceratopogonidae were recovered from Stas. 1, 2, and 9 at very low density. Table 2 shows the body weight and head-capsule width for four dominant species. Head-capsule width of Clinotanypus sugiyamai larvae was as wide as T. akamusi and Chironomus plumosus. That of Procladius culiciformis was the smallest.
The range of body length and head-capsule width of the larvae of Microchironomus sp. were 2.0 -5.6 mm and 0.17 -0.23 mm, respectively (n=9), and those for Polypedilum sp., were 3.2 -6.7 mm and 0.16 -0.30 mm, respectively (n=13). The headcapsule widths could be separated into two size classes for both species. Whether these two classes correspond to the 2nd and 3rd instars or the 3rd and 4th instars, was not clear, since neither mature larva nor pupa was recovered. Body lengths of the larvae of Dicrotendipes sp., Glyptotendipes sp., and Stictochironomus sp. were 3 -4 mm, 4 -7 mm, and 7 -15 mm, respectively (all n=2). In the present study, these five minor species were excluded from the further analyses of population dynamics.
3-2. Tokunagayusurika akamusi Figure 2 shows the seasonal changes in population 4th-instar larvae of new generation; Area without hatching: larvae of old generation (4th-instar). "P" and "2" indicate that the sample contained pupae and 2nd-instar larvae, respectively. A vertical bar indicates standard deviation of the mean. In late October 1982, larval density increased and then decreased to 0 by the end of November.
Biweekly sampling made clear the coming up of the larvae to the surface layer of the sediment and the sudden decrease in density through emergence.
Monthly sampling could not recover the population just before the emergence. In December, rest of the larvae of the previous generation, which did not pupate in October, came up to the sediment surface. These larvae could be identified from the 3-3. Chironomus plumosus Figure 4 shows the seasonal changes in population density of C. plumosus larvae and Figure 5 shows the seasonal changes in the biomass.
C. plumosus developed three generations per year at Takahamairi Bay (IWAKUMA et al., 1984) . Three emergence periods have been observed, i.e., March April, May-June, and September -November (IWAKU MA, 1986) . In the present study, generation during April-June is referred to as generation 1 (or spring generation), that during June-October as generation 2 (or summer generation), and that during November -March as generation 3 (or overwintering generation). Some larvae did not seem to pupate Fig. 4 . Seasonal changes in the population density of Chironomus plumosus larvae. Area with hatching: 2nd-and 3rd-instar larvae; Area without hatching: 4th-instar larvae. "P" and "2" indicate that the sample contained pupae and 2nd-instar larvae , respectively. A vertical bar indicates standard deviation of the mean. 
4-2. Production estimates for Tanypodinae
Both Clinotanypus sugiyamai and Procladius culicif ormis seemed to be multivoltine, Since the generations overlapped and the variances in density estimates were large (Figs. 6 and 8), production was estimated by the product of annual mean biomass and annual P/B ratio (Table 5 ).
There is a wide range of annual P/ B ratios reported for Procladius larvae with a mean value of 3.7, i.e., 1.7 (P. pectinatus, JONASSON, 1972), 2.7-2.8
(P. denticulatus, DERMOTT et al., 1977) (Table 5) . Larvae of Procladius feed on chironomids, copepods, cladocerans, ostracods, rotifers, ologochaetes, and detritus (BAKER and MCLACHLAN, 1979 ; KAJAK, 1980 ; VODOPICH and COWELL, 1984) . C. sugiyamai may also be a predator. HILSENHOFF (1967) found that the emergence of Tanypodinae occurred shortly after the appearance of the 1 stinstar larvae of Chironomus plumosus in Lake
Winnebago. Similarly in Lake Kasumigaura, pre pupae of Tanypodinae partly overlapped the beginning of generation 2 of C. plumosus (Figs. 4, 6 , and 8). HILSENHOFF (1967) has pointed out the possible predation of Tanypodinae larvae on young lavae of C. plumosus. The food and the ecological role of these Tanypodinae larvae in Lake Kasumigaura remain unsolved.
4-3. Characteristics of production of chironomids in Lake Kasumigaura Most chironomid production in Lake Kasumigaura was of T. akamusi during the winter, i.e., December-March, at all stations. The rest was that of C.
plumosus. Productions of the two Tanypodinae, Clinotanypus sugiyamai and P, culicif ormis, were much lower than the former two by two orders. As for Chironomus plumosus, ca. two thirds of the annual production was made by the overwintering generation. Thus, the characteristics of chironomid Table 5 . Annual mean biomass (mg dry weight • m~2) and production (mg dry weight • m-2•yr-', in parenthesis) of Tanypodinae larvae. Annual mean biomasses are calculated for June-December in 1982 and January-April in 1986. Four-year mean biomasses are calculated for the period from June 1982 to April 1986. Productions were estimated assuming P/B = 3.7.
Density, Biomass, and Production of Chironomidae in Lake Kasumigaura during [1982] [1983] [1984] [1985] [1986] S 73 production in Lake Kasumigaura is the dominance of winter production of T. akamusi and C. plumosus.
4-4. Spatial distribution of chironomid larvae
Primary production of phytoplankton determine the range of secondary production of zoobenthos (BRYLINSKY, 1980 ; HANSON and PETERS, 1984) . In Lake Kasumigaura, the annual gross primary production averaged for 4 yr during 1982-1985 was in the order (all in gC• m 2•yrT' hereafter) : Sta. 3
(708) > Sta. 9 (605) > Sta. 12 (530) > Sta. 7 (431) (TAKAMURA et al., 1987) . The annual production of T. akamusi was in the order (all in g dry weight m-2 hereafter) : Sta. 12 (5.7) > Sta. 7 (3.3) > Sta. 9 (3.2) > Sta. 3 (3.0) ( Table 3) . That of C. plumosus was in the order: Sta. 3 (5.7) > Sta. 12 (3.6) > Sta. 9 (2.7) > Sta. 7 (2.3) ( Table 4) plumosus productions at Sta. 2 (IWAKUMA et al., 1984) .
The present result that the production of both T.
akamusi and C. plumosus was low at the innermost part of Takahamairi and Tsuchiurairi Bays (Stas. 1 and 6) and increased towards the outlet of the lake , might be partly due to water movement. Water current caused by inflow rivers may affect the distribution of egg masses and colonization of larvae.
Also, the density of Clinotanypus sugiyamai larvae was low at Stas. 1 and 6 (Fig. 6 ). However , of 10 stations, Procladius culici f ormis larvae was most abundant at Sta. 1 during the summer (Fig.  8) . Since P. culicif ormis is distributed in the littoral zones of eutrophic lakes and reservoirs (ROSENBERG et al., 1984; VODOPICH and COWELL, 1984) , the population at Sta. 1 might have originated from the littoral zones of the bay.
4-5. Seasonal fluctuation of chironomid
populations Oxygen depletion at bottom often causes the absence of C, plumosus larvae (BONOMI , 1962; NEUBERT and FRANK, 1980; SIEGFRIED, 1984) . Sometimes intensive dredging brings about oxygen depletion and the lack of bottom fauna (TERASHIMA and VEDA, 1982) . In Lake Kasumigaura , the lake bottom around Sta. 6 had been deepened to ca . 7 m. However, oxygen depletion (less than 1 mgO 2 1®') was not observed at the bottom water of Sta. 6 during 1982 -1986 except on 6 September 1983 (0 mgO2.1-`) and 8 August 1984 (0.6 mgO2.1-') (AIZA- KI et al., 1984 KI et al., , 1988 . Inflow river might also cause the exchange of bottom water at this station during the summer.
At the center of the bays (Star. 3 and 8 ) and in the main basin (Stas. 9, 11, and 12), the density of C. plumosus decreased signficantly during JuneSeptember. The density just before the emergence was lower for summer generation than for over- Apparently the density just before the emergence was higher in Lake Suwa than in Lake Kasumigaura especially for the summer generation. Yet, even in Lake Suwa, YAMAGISHI and FUKUHARA (1971) have pointed out the year-to-year decrease in C. plumosus density along with the progressive eutrophication which induced bottom oxygen depletion during the summer.
Progress in eutrophication may result in less autumn emergence of the summer generation in lakes. For instance, catch of C. plumosus adults in light trap was greatest for the summer generation in the south basin of Lake Biwa (SASA and KAWAI, 1987) . Similar results have been obtained in Lake Suwa (YAMAGISHI and FUKUHARA, 1971) . In case of Lake Kasumigaura, the most eutrophic among the three, the number of C. plumosus adults caught in a light trap was smallest for the summer generation (IWAKUMA, 1986) . Predation must also be an important mortality factor for C. plumosus, since the high water temperature might accelerate the feeding activity of benthic predators. Indeed, a certain proportion of the contents in the digestive tracts of goby and prawn were chironomid larvae (ONIJMA et al., 1984 
